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ABSTRACT 
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The objective o f  this project is to optimize the design of a 

bucket system which will dig soil in the lunar environment. 

This "bucket system" consists o f  two inverted clamshell 

styled buckets which mount to the end effector o f  "THE LUNAR 

DIGGER". This bucket design considers the followinq: soil 

mechanics, materials, bucket weight, capacity, and geometry. 

I t  also looks at optimizing: surface areas, volumes9 forces, 

and weight for the lunar environment. 
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PROBLEM STATEMENT 

a 

0 

0 

To optimize the design of the lunar digger buckets to be as 

effective as possible in the lunar environment. This redesign 

will pick up w e r e  the initial lunar digger design group left 

off b y  placing more effort into the bucket’s lunar 

optimization. This design considers: 

MATERIALS: 

Strength -vs- Weight, Elongation, Wear, Temperature, and 

Radiation effects. 

GEOMETRY : 

Volume, Shell Surface Area, Cutting Edge Surface Area, 

Internal Radius, Capacity, Angle of Cut, and Impact 

Forces. .- 
0 

SOIL MECHANICS: 

Angle of Cut (internal friction angle), Bearinq 

Capacity, and Rock Size. 

0 
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C A P A C I T Y  .385 F T d  

WEIGHT 59.8 LB 
PER B U C K E T  
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a DESIGN DETAILS: 

GEOMETRY: 

The shape of this design is a very critical detail. I t  

involves consideration of volume, surface areas, internal 

radius, and impact forces. 

The benefit of this geometry is that each surface is 

contoured to flow smoothly to the rear corner area; Thus, 

allowing digging forces to be distributed toward that point. 

Essentially, the bucket sides will act a5 shear planes to 

distribute the impact and digging forces. An added shear 

plate will be welded on the rear point, and added support 

will be placed around the cutting area to reduce digging 

moments . 

This geometry may not fully optimize volume and surface area, 

but it will tend to fill itself due to its rolling contour, 

i.e., excess soil will be curled back into the bucket rather 

than allowed to fall over the sides thus producing a "fuller" 

bucket. 
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HATERIAL SELECTION: 

The material selected the bucket shell and reinforcement 

system is aluminum 2014-T6. This material was selected for 

its strength to weight ratio, elongation characteristics, and 

weldability. For the bucket teeth and cutting edge, Steel 

4140 will be used. This material was selected for its tensile 

strength, abrasion resistance, impact strength and 

suitability for high temperature stresses. 

FORCE RIWLYSIS: 

This design had initially intended to analyzed by finite 

element analysis method, but due to time constraints the 

force analysis was done by several approximation methods. 

They are: Johnson column buckling analysis, thin wall 

pressure vessel approximation, thermal stress analysis, 

fatigue analysis. Some secondary force calculations were also 

performed: Shell face friction, impact -vs- digging force 

comparisons, and full bucket weight calculation. See FORCE 

ANALYSIS SECTION. 

OPTII'lIZATION: 

This design set out to refine the original design o f  the 

digger buckets. In the time frame allowed, full optimization 

was impossible but the original design was greatly refined. 

This design increased the capacity of each bucket, while 

reducing the weight. 

0 
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PER BUCKET 
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Capacity: 
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Oria. Desian 

3 0.25 y d  

Weight: 130 lb 

Geometry details: 

Shell thickness: 

Reinforcement thickness 

Internal Radius 

This Desian 

.38S yd3 

50 lb 

.4 cm 

.4 cm 

10 cm 

Rear Radius 30 cm 

To further optimize this design, I feel that the area which 

needs the most attention is the dimensions. By developing a 

relationship between the initial dimensions and the final 

complex shape, one could vary the dimensions for 

optimization. 4 Finite Element force analysis would also help 

by refining the force'analysis which in turn would guide one 

to other areas of concern. 
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Bucket Reinforcement: The bucket shell has been designed for 

ideal force interactions, but actual digging applications 

will be much different. A bucket reinforcement system has 

been designed to protect against bucket failure. It will be 

made of Aluminum 2014-T6 - except for the cutting edge which 
will be 4140 Steel. This reinforcement outlines the open 

cutting face to prevent moments and wear, and will be the 

main support structure around the axis of rotation. I t  will 

be welded to the bucket and can be replaced if needed. 

Steel Cutting Edgar This will be rivoted to the aluminum 

bucket shell. Slots which are 2.2 times larger than the holes 

in the shell will be  punched through the steel to prevent 

warping due to thermal stresses. (The above figure is 

calculated inthe force analysis section.) The replaceable 

teeth will be mounted on "fingers" which protrude from this 

steel cutting edge. See thermal elongation analysis in Force 

Analysis section and Teeth/ Blade design section. 

Teeth Design: To reduce wear on the cutting edge of the 

bucket and to facilitate soil breakingr replaceable teeth 

will b e  mounted to the cutting edge. These teeth will be 

pinned to the cutting blade which in turn is mounted to the 

bucket. These teeth will be made o f  4140 Steel. See Teeth 

design section. 

7 
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Rock Grippers: Since these buckets are required to grasp 

onto rocks, rock grippers will be needed to make gripping 

possible. Otherwise, the teflon coating of the buckets will 

make rock gripping difficult. The grippers made of aluminum 

2014-T6, will be welded to the bottom of the bucket in 

strategic places. See Rock Gripper section for details. 

&xis o f  Rotation: The ideal axis of rotation for these 

buckets would be through the bucket’s center of gravity. 

In order to interface these buckets to the digger’s end 

effectorr this was not possible - mainly due to actuator 
positioning problems. The axis of rotation was kept a close 

as possible to the centroid and still allow the’buckets to 

function reliably. See Reinforcement Section for more 

details. 

e- 
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0 CONSTRAINTS 

The lunar environment displays some very adverse conditions 

for construction equipment. Some of these conditions which 

particularly effect this project are described below. 

SOIL tlEC"1cs 

0 

0 

0 

0- 

0 

Since this design is to optimize a bucket/soil removal 

system, the bucketllunar soil interaction is very critical. 

Some o f  the more critical soil characteristics are: 

finale of cut: The cutting of the bucket blade through soil is 

a very important feature. For lunar soil, the angle of 

internal friction is 37 degrees. To minimize the forces on 

the blade tip, an angle o f  37 degrees will be designed for 

the cutting edge. This will not only reduce the normal forces 

against the blade, but i t  will also reduce blade wear. 

Bearina caoacitv: This factor o f  soil mechanics deals with 

the normal force opposing the bucket blade as the blade 

shears through the soil. Lunar soil bearing capacity 

increases with soil depth due to numerous years o f  

compaction. 

0 
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TEHPERCITURES: Due to the diurnal cycles of the moon and it 

lack of atmosphere, lunar temperatures are very extreme and 

they range from -300 F to 300 F. Thus, an object sitting 

partially in the shade will have d temperature o f  -300 f o r  

the shaded portion and a temperature of 300 for the exposed 

portion -creating very large thermal stresses in the 

material. See thermal stress analysis in Force Analysis 

Section for details. 

WEIGHT: Due the extreme cost o f  shipping a material to the 

moon, weight is a very inportant concern. In order to 

minimize weight, maximization o f  other constraints must be  

considered. 

RADIATION: The main consideration about radiation is its 

affect on materials. Reseach showed that radiation effects 

on metals, in general, are very small - almost no effect on 

physical prctperties at all. 



0 DISCUSSION OF DESIGN 

0 

The design process for these buckets took a very structured 

approach. First, the design was broken down into functional 

requirements and parameters. These can be easily viewed on 

the last page of this report. The stated functional 

requirements are located below as sub-headings, which in turn 

are reduced to parameters. 

HATER I CILS t 
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Strenath -vs- Weiaht Ratio: V e r y  important criteria o f  a 

structural material, this ratio indicates the materials which 

are extremely strong for their densities. 

Temoerature: Fls stated above. the lunar environmemt displays 

very large temperatures variations and anything working in 

t h i s  environment must withstand these fluctuations. Finsjinq 

information an positive temperatures was v e r y  easy. kut  3lats 

t n  qegative temperatures was almost nor-evictant. T h u f q  

finding a suitable material became quite a challenge. 

0 
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Material Wear: Lunar soil is essentially very gritty and 

coares. I t  produces extreme wear on any exposed surface and 

can easily cause failure of poorly designed equipment. These 

buckets will be coated with Teflon f o r  overall wear 

resistance, and the designed replaceable teeth will absorb 

wear on the cutting surface. 

Elongation: This material characteristic in very important 

for structural lunar materials. High temperature ranges and 

forces, can easily cause a part to fail if the materials 

elongation is not considered. See thermal stress calculation 

in Force Qnalysis section. 
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GEOMETRY: 
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Bucket geometry consists of the overall shape of the buckets. 

This shape can be broken down into optimum dimensions, 

internal radii, capacity, and weight.The basic geometry that 

was used f o r  this project was found in a book of roman 

agricultural equipment - but i t  was altered for this 

application. Research was done in this area, for ancient 

agriculture tools were refined by trial and error and the 

user was very concerned of its effeciency. 

Capacitv: From a graph of Weight -vs- Capacity, the lunar 

digger design group from Fall 1986 found that a total 

capacity of 0.5 cubic feet was optimum and feasible for this 

design (see page 19). Thusr the dimensions of the enclosed 

drawing can be scaled to fit t h i s  capacity. 

Dimensions: From research of different bucket shapes and 

physical modelina o f  feasible =,h3Des1 the Final bucket 

dimensions were defined. There is no h a r d  and f;lst reasonin@ 

f o r  these dimensions, but from practical analysis and 

definition o f  parameters the dimensions were decided. The 

enclosed drawings used a standard scale so that scaling of 

the final shape would be simple.(See page 15) 
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X 

1) 75. 

2) 75. 

3) 75. 

4) 75. 

5) 60.65 

6 )  60.65 

7) 18.6 

8) 18.6 

9) 8.6 

Bucket Points (relative to non shown origin) 

Y Z 

15.6 0.0 
X Y Z -- - 

33.66 -5.0 10) 8.6 70.8 0.0 

66.34 -5.0 11) -11.91 33.04 6.69 
6.69 84.40 0.0 

8.35 10.66 13) -9.44 23.73 15.92 

14) -9.44 76.27 15.92 91.65 10.66 
39. -2.0 15) -22.73 44.225 72.64 

12) -11.91 66.96 

60. -2.0 

29.2 0.0 

CENTER 
X= 1 5 . 6 ,  

16) -22.73 56.775 72.64 

17) -26.27 49.62 71.64 

OF G R f l V I T Y :  - 

Y=  5 8 ,  Z= 2 2 . 4 6  
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Weiqht: To minimize bucket weight, bucket surface area must 

be minimzed. Weight of these buckets are extremely important 

for shipping reasons and mostly to minimize the excess weight 

needed for the articulated digger arm to be carrying. 

Manufacture: Since the shape of these buckets are very 

complex, manufacture will be difficult. The specified 

material is very weldable, which makes manufacture possible 

and allows f o r  maintenance on the lunar surface. 

Internal Radius: Lunar soil is essentially very sticky and it 

fill any voids on the bucket surface - requiring the digger 
to carry around extra weight. I t  is for this reason that 

internal radii are used, for they reduce the number of places 

that soil can accumulate. 

Y The optimum shape for the bucket is one that will loosen 

any accumulated soil f r o m  the bucket each time a dig is made. 
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a FORCE ANALYSIS: 
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This section explains the reasoning behind the important 

force calculations - why certain forces were used for 
specific uses. 

Column Bucklinq: Since the maximum force exerted on the 

bucket will probably be during initial impact with the 

soil, this force was analyzed first. By assuming impact 

forces would tend to buckle the bucket, column buckling 

approximations were performed. Initially, an average channel 

cross-section was located to simulate the bucket cross- 

section. Then, the J.B. Johnson equation was applied and a 

thickness for the bucket material was found. With this 

thickness, the moment inertia for the actual bucket cross- 

section was found and reapplied to check for accuracy. 

This force value from the reapplication checked within 1.5%, 

so this approximation should be accurate. 

Thin Wall Pressure Vessel Approximation: Qssuming the the 

actual digging forces will act on the bucket face- with a 

constant pressure, the bucket can be analyzed f o r  shear 

stress in the bucket shell by t h i s  method. 



0 

Thermal Stresses: Due to the temperature range on the moon9 

thermal stresses in materials are very critical. These, along 

with bucket shell stresses can easily cause failure of the 

part. Thermal stresses are also very important f o r  the 

connection of the steel cutting blade to the shell. Thermal 

stresses vary relative to material elongation which is very 

important for this connection. 

Fatiaue: Since these buckets will be required to withstand a 

great deal of use, a fatigue analysis is necessary. The 

results can be found in the Force Analysis section and show 

that due to the relatively small forces, fatigue is not 

really a factor. 
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Conclusion: 

0 

From this project, I feel that I greatly increased my own 

design skills, and the design o f  the Lunar Excavating Bucket. 

The results that I obtained for refinement, a 54% increase in 

capacity with a 54% decrease in weight, seemed reasonable for 

a school quarter’s o f  work. I know that there are still some 

vague areas o f  this report, but with the time alloted I 

covered as many details a possible. 
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P a r t s  List /  Bucket: 
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Quanti tv 

3 

10 

17 

3 

DescriDtion 

0.4 cm Thick Bucket Shell 

Bucket Teeth 

Reinforcement System 

Teflon Coating 

Cutting Blade Section 

Pins for Teeth 

Rivots of Blade 

Rock Grippers 

Totals 

Weiaht Cost 

40.0 8000 

2000 3.0 

5.0 3000 

0.1 1000 

10.3 5200 

0.2 100 

0.4 150 

0.8 1000 

a- 

a 
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a. 2014-T6 
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The unnotched 2014-T6 a l l o y  e x h i b i t s  increased  s t r e n g t h  

f o r  10 cyc le  l i f e  of approximately 300% wi th  r educ t ion  
i n  temperature  from 70  t o  -423OF. 
behavior ,  s t r eng then ing  is g r e a t e s t  between -320 and 
-423OF. The f a t i g u e  r a t i o *  increased  from 0 . 2 3  t o  0 . 4 8  
wi th  reduct ion  i n  temperature .  The c u m e s  obta ined  a t  
70 and -423°F were s i g n i f i c a n t l y  f l a t t e r  than t h e  -320°F 
curve which showed a s l i g h t  knee. Although t h e  reason 
f o r  t h i s  is no t  completely known, a s l i g h t  misalignment 
may be respons ib le  f o r  t h i s  cond i t ion .  Tes t ing  performed 
on s imilar  aluminum alloys a t  -320°F dur ing  t h e  second 
y e a r ' s  e f f o r t  did n o t  show t h i s  behavior .  
curacy achieved during t h e  l a t t e r  per iod  is  be l i eved  t o  
be s u p e r i o r  t o  t h a t  a t t a i n e d  dur ing  t h e  f i r s t  yea r .  

6 

As noted  f o r  s t a t i c  

Alignment ac- 

Notch test r e s u l t s  show a s i g n i f i c a n t  dec rease  i n  f a t i g u e  
s t r e n g t h  compared t o  t h e  unnotched da ta .  The f a t i g u e  
s t r e n g t h  reduct ion  f a c t o r  (K 
notch f a c t o r ,  was r a t h e r  poor.  A t  10 cyc le s ,  t h e  f a c t o r  
increased  from 2 . 0  a t  70°F t o  6 . 0  a t  -423°F. The low 

c y c l e  ( lo3 )  end of t h e  curve showed a less s i g n i f i c a n t  
e f f e c t  w i t h  an i n i t i a l  va lue  of 1 . 4  a t  70"F, which i n -  
c reased  t o  almost 2 . 0  a t  low temperatures.  

t ,  also known as f a t i g u e  
f )  6 

Welded j o i n t s  a l s o  show a loss of s t r e n g t h  compared t o  
t h e  unnotched m a t e r i a l .  However, comparing t h e  70°F 
s t a t i c  2014-T6 weld j o i n t  e f f i c i e n c y  (802) wi th  t h e  r a t i o  
of weld f a t i g u e  s t rength/unwelded f a t i g u e  s t r e n g t h  (699.), 
a very good r e t e n t i o n  of weld s t r e n g t h  under dynamic load-  
ing  i s  ev iden t .  A t  cryogenic  temperatures ,  a marked de-  
c r e a s e  i n  t h i s  s t r e n g t h  r a t i o  i s  noted.  

S ( s t a t i c  t e n s i l e  s t r e n g t h )  

'n ( 

U 
f a t i g u e  s t r e n g t h  a t  n c y c l e s )  q a t i g u e  r a t i o  = 

t F a t i g u e  s t r e n g t h  reduct ion  f a c t o r  o r  f a t i g u e  notch f a c t o r  - 
Fa t igue  s t r e n g t h  of unnotched specimens a t  n cvc le s  

( K f )  = Fa t igue  s t r e n g t h  of notched specimens a t  n c y c l e s  
' 

e 
2b 



44 Mart in -CR-64 - 74 

0-  

Fatigue Life (cyclem) 

Fig. 28 Fatigue Properties of Unnotched 2014-T6 Aluminum Alloy 
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Table C-3 Fatigue Properties’ of Welded 2014-T6 Aluminum Alloy 

~ 

Maximum 
Tension 
S t r e s s  

(1000 p s i )  

30 .O 

30 .O 

30 .O 

22 .o 

22 .o 

22.0 

15.0 

15.0 

15.0 

9 .O 

9 .O 

9 .O 

70’Y 

Cvcles t o  Fa i lure  

3 

3 

4 

4 

4 

4 

5 

5 

5 

6 

6 

6 

2-00  x 10 

7.00 x 10 

1.00 x 10 

1.50 x 10 

2.10 x 10 

6.90 x 10 

1.70 x 10 

3.29 x 10 

5.14 x 10 

1.02 x 10 (d isc)  

1.03 x 10 (d i sc )  

1.03 x 10 (d isc)  

Tempera t or e 

Maximum 
Tens ion 
S t r e s s  

(1000 p s i )  

35 .O 

32 .O 

30 .O 

30 .O 

30 .O 

20 .o 

20 .o 

20 -0 

10 .o 

10 .o 

10 .o 

-320.F 

Cycles t o  Fai lure  
~ 

2 

3 

4 

4 

4 

5 

5 

5 

6 

6 

6 

1.00 x 10 

2.00 x 10 

1.05 x 10 

2 .74  x 10 

2 . 7 5  x 10 

2.51 x 10 

3.42 x 10 

5.51 x 10 

1.59 x 10 (d i sc )  

3.30 x 10 (d isc)  

5.29 x 10 (d i sc )  

Maximum 
Tension 
S t r e s s  

[ 1000 p s i )  
~- 

50 .o 

40 .o 

40 .o 

40.0 

GO.0 

35 .O 

35 .o 

35 .O 

30 .O 

30 .O 

30 .O 

25 .O 

17.5 

17.5  

17.5 

-423’F 

Cycles t o  Fa i lure  

2 5.00 x 10 

3 2.00 x 10 

3.00 x 10’ 

6.00 x IO” 

6.00 x 10 

1.80 x 10 

6 .80  x 10 

8.40 x 10 

1.82 x 10 

2 . 6 5  x 10 

3.18 x 10 

3.44 x 10 

1.01 x 13 (d i sc )  

1.03 x 10 

1.06 x 10 

jb 

4 

4 

4 

5 

5 

5 

5 

6 

6 

6 

6 a .  Axial load R - -1. 
b. Specimen previously run a t  17,500 ps i  f o r  1.01 x 10 cyc les  v i thou t  f a i l u r e .  
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G l l G y  D a t ~  
2SG 64 14(:)!:) 4 Cornman Lc 14!> U5e-l- JIS G4!:)52 SCP14H 
3s ?YO ?c)8fiz$ 1.7223 AFNOF: 35CZdi Class CiLLClV STEEL 
Temper /cond i tioi-t ANNEALEI) 

T e n s i l e  s t r e n g t h  Q5 k::S I Hal- d i-t s 197 HE; 

E 1 o n g a  t i o n  25.5 % F:e f e 1- e rtc e 4 . E 3  
F o r m a b i l i t y  E W e l d a b i 1 i t . y  E M a r h i n a ' t y  C H a r d e n a ' t y  C F l v a i l a ' t y  E Pi-cic. cclc,t 
f iva i  l a b l e  as WROUGHT FORGING SHEET STR I P FLkTE EAF' 

0 
Y i e l d  s t r e n g t h  61 k::S I U s e r  r a f i n g  (3 

a 

0 

t4 I Fi E. 
PI- 0 p 5 
Comments: G chromium-molybdenum. medium-carbc*n steel rdi t h  h i g h  

h a r d e n a b i l i t y  and  good f a t i g u e ,  ab i - a5 ion3  and  impact resis- 
tance. Used where s e r v i c e  CCui7di t icui-tE- a r e  not Se'4eire enough 
t o  r e q u i r e  4340 stccl . T e n s i  19 s t r e n g t h s  t.tp t o  24C) kr-i. a r e  
I c a d i  l y  a c h i e v e d  thrcuugh ccunventic~i-tsl  h e a t  ti-eatmsiit . 
N i t r i d i n g  f o r  maximum wear and  a b r a s i o n  r e s i s t a n c e .  4140 is 
e deep-ha rdened  a1 lcty s u i  t a b l e  f o r  h i g h - t e m p e r a t u r e  
stresses, o r  c o m b i n a t i o n s  af  s u c h  S ~ I - P S ~ ~ F ,  i n  s m a l l  aitd 
l a r g e  s e c t i o n c .  When f i t 1  l y  hai-de:-ied dericunsti-ates t h e  c t ~ t - .  

s t a n d i n g  p r o p e r t y  o f  r e l a t i v e l y  h i g h  i m p a c t  s t r e n g t h  a t  
h i g h - h a r d n e s s .  t e n s i l e  s t r e n g t h .  Ucer ii-:cltide ctmal ?. Jeai-57 

p i n i o n s ?  and  b a l l  s t u d s .  and  for h i g h - s t r e n g t h  b o l t s 9  cap 

I- - 

Q l l o y  D a t a  1 
DSG 641400 G Common 414!3 U5er J I S  64052  SCF?4H 

Temper / cond  i t i o n  GNNEALED 
0 ES 97!3 708637 D I N  1.7223 AFNOR 3 5 C D 4  C l a s s  FILLOY STEEL 

T e r t s i  le st:-ei-:gth $5 K 3  I H A  i - CI i'i i. 5 5 1. ?7 Hr; 

E 1 cinga t i or! 25.5 !4 F:e f el- e i-vz e & 
' i i s l d  ct)--ength 61 c:s I U 5 3 i -  rat i i- ig 0 

F o t - m a b i l i t y  E W e l d a b i l i t y  E M a c h i n a ' t y  C H a r d e n a ' t y  C A v a i l a ' t y  F F'i-ctc. cn5:t 
0 Avai lab le a5 WRGUGHT FORGING SHEET STRIF  PLATE FctF 

W I RE 
F'i-Csps 
Comments: screws 9 aiid s o c k e t -  and r e c e s s e d - h e a d  SCTELWS. T h e s e  

prc*ductc,  cat3 be h e a t  t r e a t e d  aftei- m a c h i n i n g  01- foi-ming. 
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FIGURE ClS.-Lunar trenching tool (S7b34925). 

FIGURE 4-23.4tability numbers for homopneous slopes. 
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f 
with one hand 

Test number Depth. cm 
I 

''-3 50 

I 
44 

I=*, 42 

I 
I 

I 

I 
I 

0 -  

1: 

2: 

3: 

test 

a.............. 
b. ............. 

a...... ........ 
b. ............. 

a .............. 
b. ............. 

De@&. 
L. cm 

~ 

44 
62 

42 
68 

50 
68 

Unit penetration resistance, FM, ~ / a n ~  

TABLE 4-11. ASP Penetrations 

I-handed 
2 - h d d  

I-handed 
2-handed 

I -handcd 
2-handed 

F o m .  F. N 

71 lo 134 
134 to 223 

71 to 134 
<I34 to 223 

71 lo 134 
<I34 lo 223 

100 lo 188 
I88 to 314 

100 to 188 
<I88 IO 314 

- 100 IO 188 
<I88 lo 314 

Cross-section area of thc penetrometer. 0.71 Ern'; all fore  is assumed to be carried in point bearing (F, = 0 ) .  
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REINFORCEMENT STRUCTURE 

CROSS- SECTION 

7 c m  HEIGHT 

8.4 cm THICKNESS 



50 



. ., i - c  --- . - -  -A - i 4 

e 



i i 
I 

8 
!!? a . l a  9 

I 



I I 

1 I-?’ 0 

5 3  





A \ 

u 
Z 

Z 
0 

I- 

ffl 
0 

H 

H 

H 

n 
I 
I- 
L1 
LLJ 
t- 

2 / 
\ 

LL) 

-J 

(3 
Z 

i- 
I- 
1 u 
Z 
0 

n a 
a 

H 

E 
0 

E 
0 

E 
0 

OD 
4 

b 

E 
0 

m 

m 
a 

d 



-. T -- 



i 

0 

OI 
0 
OI 

TI 
W 

c 
W 
m 

r 

2 
‘r( 
W 
0 
10 
u) w 
d 

r c 
W 
m 

T( 

. 

E 
m 

0, 
OI 
w 
w 
QD 



R 

0 -  

REFIR V I E W  O F  

BUCKET UNDERFACE 



a- 









n 
0 





n 
0 
t- 



Lu 
M 

I \ 







GEORGIA INSTITUTE OF TECHNULOGY 
George W .  Woodruff School o f  Mechanical Engineering 

SPECIAL PROBLEM 

INSTRUCTOR : J.W. BRAZELL 

LEVEL : UNDERGRADUfiTE 

0 

TITLE: ME 4901, Special Design Project 

PROBLEM ST4TEMENT: 

This class will be taken as a desiqn elective to continue 
working on a design project started in ME 4182.  fall quarter. 
1986. This project will work towards furthering the develop- 
ment of the LUNeR DIGGER buckets. Several necessary concerns 
are materials, soil mechanicsr bucket geometry, impact 
forces, and optimization techniques. 

FINeL REQUIREMENT: Write-up and presentation 

CRED IT 0-3-9 

CICCEPTANCE: 

--_----_--------------------- APPROVAL : 
Dr. Brighton, Director 

e- 

FIP!AL REPORT AND GRADE: -___---------------------- 

a 
6 i 



0 

Special Project Update 
Jan 15, 1987 . 

t-Jayne Ho:qser 

Currently r e s e a r c h i 3  in the fol lcrwinq areas: 

5011s: Faund cei’eral books in GT library o n  lurar soils. bLt 
1 d m  still 10oc117q For. on? ~r~hich c J e s c r i k s s  i n  detal: 
sgb-surfsce soils characteristics. Such as bearing 
capacity, impact data, etc. 

Optimization: Currently reading about several t y p e s  o f  
optimization processes. 

Constraints: Have been looking into finding professionals who 
have experience in designing excavating b u c k e t s  
to assist with desigq criteria and + r i c k s  sf  t h e  
trade. 

Materials: Reading up en materials selectlor: procedures. but 
the actual selection will probably b e  abcut  2-4 
week down the road. I feel that m o r e  specifics 21-5 

required on s o i l s  before materials csn be justly. 
researched. 
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DIGGER BUCKET UPDATE 

WAYNE A. HOWSER 
2 - 5 - 8 7  

MATERIALS: HAVE ACCUMULATED SOME DATA ON POSSIBLE MAGNESIUMS. 
NEED TO RESEARCH FURTHER ON TITANIUM, AND ALUMINUM. 

CURRENT FEELINGS: ALUMINUM - TO DUCTILE AT HIGH AND 
Low TEMPS. 

TITANIUM - BEST STRENGTH TO WEIGHT & 

LOOKING FOR LOW TEHP DATA. 
MOD OF ELAS. TO WEIGHT. 

STILL HAVE NOT LOCATED DR. COLTON TO SEE ABOUT MATEXIALS SEARCH. 

SOILS: HAVE FOUND SOME GOOD BEARING CAPACITY DATA WHICH WILL AID 
IN INITIAL BUCKET FORCES. ALSO,  FOR ANGLE OF CUT - NEED SOME INSIGHT 
INTO SOME FIGURES I HAVE FOUND. 

ANY LUCK WITH THE BASALT ???? 

GEOMETRY: DREW UP A BRAIN STORMING SESSION, AND HAVE LEARNED THAT 
IBM CADAM HAS AN AREA CALCULATING FUNCTION. 
I HAVE ALSO FOUND SOME HISTORICAL AGRICULTURAL TOOLS. 
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DIGGER BUCKET UPDATE 
W Y N E  A. HOWSER 

2 -12- 87 

a 

0 

0 

MCITERICILS: Still researching - found some good info on 
aluminumsr but I can not find anything on titanium. 

Have spoken with Dr. Colton and his is copying his 
MATERIALS SELECTION SEARCH f o r  m e  to use. 

I plan to narrow my choices by next week. 

GEOtlETRY: Learning CATIA. After finally sorting through the 
possible computer systems9 I really think that CATIA is the 

an old version and the learning process is slow. 
m.gst a n n y n n y S a + e  - y r  -.r -I"-. Th= r r o l r r  u B v r I  --e = c b  & - - I -  U 6 ~ n  is the tuto i - ia i  is T o r  

I plan to have FIT LEAST 5 -6 geometries in by next week and 
a hard copy of them. 

OTHER CONCERNS: ' 
* FIttachinq buckets to end effector 
Y End effector refinement if time allows 
it soil simulant 
* Best mellthod to manufacture buckets 
* Functionability of buckets 

S O I L  MECHANICS: Force evaluation will be done once I get a 
better idea of what the geometry will look like. I was the 
one who did the analysis last quarter so this will not pose a 
pr ob 1 e m .  

i e  I need to find a rough estimate o f  the SKITTER weight 
- .  9 

- -._ - . , _  
.:. f o r  this analysis. 

Tentative Schedule 

2/19 Have desigw in catia 
material selections picked - 3 or 4 

2/26 Pick several "good buckets" 
Start force analytiis with F.E.A. 

3/5 Finish FECI and tie up loose ends 

3/11 R e p o r t  due and presentation 
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